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The xPDFsuite software program is described. It is for processing and analyz-
ing atomic pair distribution functions (PDF) from X-ray powder diffraction data.
It provides a convenient GUI for SrXplanr and PDFgetX3, allowing the users to
easily obtain 1D diffraction pattern from raw 2D diffraction images and then trans-
form them to PDFs. It also bundles PDFgui which allows the users to create struc-
ture models and fit to the experiment data. It is specially useful for working with
large numbers of datasets such as from high throughout measurements. Some of
the key features are: real time PDF transformation and plotting; 2D waterfall, false
color heatmap, and 3D contour plotting for multiple datasets; static and dynamic
mask editing; geometric calibration of powder diffraction image; configurations
and project saving and loading; Pearson correlation analysis on selected datasets;
written in Python and support multiple platforms.
1. Introduction
Increasingly, scientists are interested in materials that have
local structure at the nano-scale (Billinge, 2010). However it
is difficult to do quantitative studies of the nano-scale struc-
ture using conventional diffraction techniques since the Bragg
diffraction peaks are extremely broad, or absent. (Billinge &
Levin, 2007) To address this problem, atomic pair distribution
function (PDF) analysis is becoming popular (Young & Good-
win, 2011; Billinge, 2008) which uses both Bragg and diffuse
scattering, and Fourier transforms the diffraction data to real
space allowing local structure to be studied, even from nanopar-
ticles and molecules. (Egami & Billinge, 2012)
To obtain the PDF from experimental data, the diffraction
Intensity I(Q) is first properly corrected and normalized to the
total scattering function S(Q), and then Fourier transformed to
PDF using,
G (r) =
2
pi
∫ Qmax
Qmin
Q[S(Q)− 1] sinQr dQ, (1)
where Q = 4pi sin θ/λ is thte magnitude of the scattering vec-
tor (here θ is half the scattering angle and λ is the x-ray wave-
length). Qmin and Qmax are the limits of the Q range used in the
transformation. We also define the reduced scattering function
F(Q) as F(Q) = Q[S(Q)−1]. Many corrections must be carried
out to obtain these functions (Egami & Billinge, 2012). How-
ever, recently an ad hoc approach for carrying out these cor-
rections was described (Billinge & Farrow, 2013), which has
been implemented in a software program, PDFgetX3 (Juhas
et al., 2013). This new approach is rapid, making feasible
high throughput PDF analyses, such as in-situ studies with
many data-points (Jensen et al., 2012; Tyrsted et al., 2012)
and even imaging using computed tomography PDFs (Jacques
et al., 2013).
A full PDF data analysis usually starts from the 2D pow-
der diffraction images, which later been azimuthally inte-
grated into 1D diffraction pattern and then transformed to
PDFs using Fourier transformation. An atomic structure model
could be build and fitted to the data to obtain the quantitative
structure information. This paper describe an end-to-end soft-
ware solution, xPDFsuite, that provides all these functionali-
ties in a easy to use graphical user interface (GUI). xPDFsuite
warps SrXplanar (Yang et al., 2014) to process 2D diffrac-
tion image, PDFgetX3 (Juhas et al., 2013) to transform PDF,
and PDFgui (Farrow et al., 2007) to build and fit the structure
model. It not only implemets all functionality of these software,
but it also provides many extra functions help the user to obtain
and visualzie high quality PDFs easily and quickly from many
samples.
2. User interface and Capabilities
2.1. Overview of user interface
The xPDFsuite has four major components, as shown in
Fig. 1: Main window, that allows the user to start all other com-
ponents and to perform PDF transformations; SrXgui, which
processes 2D diffraction image and produces 1D diffraction pat-
tern using SrXplanar; PDFgui, that allows users to do quantita-
tive structure modeling for PDF data; and other utilities, includ-
ing Pearson correlation analysis and inter-atomic distance cal-
culator. In main window, all other components and most fre-
quently used functions can be started by clicking the corre-
sponding buttons in the toolbar or in the dropdown menu.
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Figure 1
a) SrXgui main window, and its image and mask editing panel. b) xPDFsuite
main window, and plot window of single example data set, including I(Q), and
G(r). c) PDFgui and plot of one refinement d) Other utilities, including Pearson
correlation analysis and inter-atomic distance calculator.
2.2. 2D diffraction image processing: SrXgui
SrXgui uses SrXplanar as integration engine to process 2D
powder diffraction image. The 2D images can be azimuthally
integrated into 1D pattern using non-splitting pixel algo-
rithm (Yang et al., 2014). The geometric parameters of 2D
detector should be provided directly or calibrated using a 2D
image. SrXgui supports two calibrating modes: self-mode and
calibrant-mode. Self-mode calibrates the image by varying the
beam center until it can get the sharpest peak, therefore it doesnt
require a specific calibrant. If diffraction image from a stan-
dard calibrant is available, then user can use calibrant-mode
to obtain the correct geometric parameters. The software uses
pyFAI (Kieffer & Karkoulis, 2013) as calibration engine.
SrXgui can create and edit mask to mask bad pixels, such as
shadow of sample holder and dead pixels. In SrXplanar, there
are two types of masks, static mask and dynamic mask. Static
mask is mask that doesn’t change during integration, and it is
usually used to mask sample holder shadow and dead pixels.
In contrast, dynamic mask is generated for each image during
integration. It can mask the pixels that are much darker or much
brighter compared to their neighbors or the average intensity
for all pixels at similar diffraction angle. The dynamic mask is
useful for masking the spots in spotty data.
Once the geometric parameters and mask are specified, user
can select and integrate image files, either integrate separately,
i.e. each image produces one diffraction pattern, or sum and
integrate, i.e. all selected images are summed together and then
produce only one pattern. The integrated file will be automat-
ically imported to the main xPDFsuite GUI for the following
data reduction.
2.3. PDF transformation: main GUI
xPDFsuite main window is used to control analysis and to
spawn one or many plot windows, as shown in 1 b). The main
window has a workspace panel which allows the user to select
data sets to be processed, and a control panel that allows the user
to change the parameters of the PDF transformations. The dif-
ferent types of data in single or multiple data sets can be plotted
in plot panels simultaneously and parameters updated through
the use of sliders or by typing values into a field.
2.3.1. Real time transformation and plots The design of
xPDFsuite allows the user to see the results of their actions
in real time, i.e. the plots refresh automatically after each user
input. This is useful when exploring the parameter set for
PDF transformations, including but not limited to the scale-
factor of a background signal being subtracted, Qmax−inst ,Qmax,
Qmin, Rploy. Please see the documentation of PDFgetx3 (Juhas
et al., 2013) and xPDFsuite for the meaning of these parame-
ters.
2.3.2. Data sets selection The 1D diffraction data sets can
either be integrated using SrXgui from 2D images or imported
to xPDFsuite directly. In later case, the data files to be processed
should be in the form of multi-column ascii files. They can be
added to the workspace through ”add files” pop-up window.
Filter functions, incorporating simple regular expressions, are
available for finding desired files in directories containing large
numbers of files. Processed data can also be added to workspace
but only for plotting.
The data sets added to the workspace can be selected and
plotted in new plot panels. Only selected data sets or data set
plotted in the plot panel will be recalculated when transforma-
tion parameters are changed, to accelerate the data processing
and plotting. By default, the data set(s) plotted in one exist-
ing plot are not changed after the plot is initialized; however
a ”sync” mode is available in the drop down menu in which the
data set(s) are synced with the selection in workspace.
2.3.3. Plot panels xPDFsuite provides flexible ways of plot-
ting data sets. For each single data set, there are four types of
data can be plotted in xPDFsuite, including raw X-ray intensity
I(Q), total scattering function S(Q), reduced scattering function
F(Q), and final PDF G(r). User can turn on or off any type of
plot in the plot panel. Again, like the adjusting the PDF trans-
formation parameters, the plots are updated on the fly after any
changes have been made. All type of data can be exported as
pure txt-file and the plots can be exported as image files using
save functions in the toolbar of the main window, or in the drop-
down menu of plot panel.
If only a single data set is selected and plotted in a plot panel,
and the X-ray intensity I(Q) is selected, the user can addi-
tionally overlay the scaled background signal on the I(Q) plot,
which is also updated on the fly when the background scale is
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changed. This is helpful when adjusting the background scale
factor.
xPDFsuite also supports plotting multiple data sets simulta-
neously in one plot panel, such as plotting a series of data sets
collected under different temperature. There are two modes of
multiple data set plotting: 2D and 3D, which may are chosen
when the plot panel is created.
Figure 2
The xPDFsuite plot panels in 2D and 3D mode. The example data sets are PDF
of LiRh2O4 in different temperature ranging from 80K to 300K with 2K inter-
val. a) 2D plot of 7 sets, b) 2D waterfall plot of 111 data sets, c) false color heat
map of 111 data sets, d) 3D contour plot
In 2D mode, all data sets could be overlaid in a water-fall
style, as shown in Fig. 2 a) and b). The user can adjust the dis-
tance between curves, and the tilt of the false 3D view. If the
number of data sets is below 8, different data sets will be col-
ored and a color legend will be displayed. When the number
exceeds 8, to improve the performance, all data sets are colored
blue. The user can manually switched between multiple color
mode (slower) and single color mode (faster) by toggle ’fast-
mode’ in the dropdown menu.
Alternatively, user can also have a ”heatmap” generated from
multiple data sets, as shown in Fig. 2 c). The range of data to
be color mapped could be changed. Any data points excess the
range will be mapped to red (greater than upper bound) or blue
(smaller than lower bound).
In 3D mode, Fig. 2 d), the selected data-sets are stacked into a
2D array and then a 3D surface is rendered using this 2D array.
The user can rotate, pan, or zoom the 3D surface freely, as well
as adjusting the scale of the 3D surface in its 3 directions. Since
the number of data points, i.e. number of vertices in the surface,
is very large when a large number of data sets are selected, the
software under-samples the surface to accelerate the 3D render-
ing, which may result in a rough surface. The user can disable
this behavior by turning off ’fastmode’ in the dropdown menu.
2.4. Structure modeling: PDFgui
To analysis and model the PDF data, user could use
PDFgui (Farrow et al., 2007), which provides convenient GUI
for building atomic structural model and fitting the models
to experiment data. The PDFgui is bundled in xPDFsuite and
could be called from main GUI of xPDFsuite.
2.5. Tools and utilities
2.5.1. Pearson correlation analysis Pearson correlation func-
tion is quite frequently used in comparing data sets. In xPDF-
suite, user can choose data sets in the workspace, in which case
all four types of data are available to compare, or choose a direc-
tory, where all data files to be compared located. Program will
calculate the Pearson correlation coefficient of all possible com-
binations and sorted by the correlation coefficient. The results
can be copied to clipboard or exported as pure txt file.
2.5.2. Inter-atomic distance calculator The user can calcu-
late the inter-atomic distance for a given structure using this
tool. The calculation range and the type of elements in atom
pairs can be specified. Similar to the Pearson correlation analy-
sis, the results can be either copied to clipboard or exported as
pure txt file.
3. Documentation, availability and environment
A graphic tutorial and a graphic reference manual are included
in the main GUI and the example data sets (also used in this
paper) are distributed with the software.
xPDFsuite is written in Python language. It runs on Win-
dows, Linux, MacOSX, and all major Unix system. We provide
all-in-one 64bit pre-build bundle for the Windows, Linux, and
MacOSX system.
xPDFsuite requires a license from Columbia Univer-
sity. Please contact Prof. Billinge (sb2896@columbia.edu) or
consult the web page (www.diffpy.org/products/xPDFsuite).
PDFgetX3-academic, a command line version of PDFgetX3
may be downloaded for free and used, subject to the license
conditions, by academics and researchers at non-profit insti-
tutions for open research. All other uses require a commer-
cial license for PDFgetX3 available from Columbia Univer-
sity. SrXplanar (avaiable at github.com/diffpy/diffpy.srxplanar)
and PDFgui (available at www.diffpy.org) are open-soure soft-
ware developed by Billinge group. More information is avail-
able from Prof. Billinge at sb2896@columbia.edu.
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